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F OREWORD 


Became It presents information of general interest, 
thie thesis report, which hae had only limited distribution, 
is being issued as a Project Whirlwind R-series report. 

Any new datastorage development which suggests promise 
of increased reliability and decreased bulk is of immediate 
interest to the builders of a large scale digital computer such 
as Whirlwind- The use of rectangular-loop magnetic cores in a 
multi-dimensional storage scheme, ae suggested by Jay W„ Forrester, 
Director of Project Whirlwind, holds such promise. Thie investi¬ 
gation was, therefore, undertaken. 

Mr. Forrester supervised the thesis work. Invaluable 
aid was received from members of the mathematics, logical-design, 
electronic-circuits, drafting, reports, and clerical sections of 
the organization- The author is aleo grateful for the cooperation 
of Mr John H. Crede and tho Allegheny Ludlum Steel Corporation, 
who supplied the bulk of tho metallic coree in the experimental 
work- 
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aesibact 


A wall* toroidal* ferr< magnetic core those &-£ 
characteristic is properly "rectangular* 1 in shears nay be uada 
to operate to that Its flax polarity reverses only then the 
right oosrtlnatlon of two or throe magnetising oolls ere 
coincidentally excited* The core ugr then be axed as a 
30 incident-currant binary seoory dories which al#ht be as»tablsd« 
with Mtgr others, into s tvo» or three- dlaensional mmaacj eyeteSc 
•election within each s sytteo would be eoooetpllshed by weens cf 
physical-line ewitchiiitf along the two or three space coordinate §„ 

She response tins* of rectaDgulsr-loop ceres ere foord 
to vary over an extremely large ranee, Tr r fire* apprcxlaaticn, 
eddy-current shielding ao count a for these response tineu, vhlofc 
range from ter+hs of a second for sons actellio coroe to less 
than a nlurv'ceocnd for seas ferritic cores. 

Information-retention ratios and signal xatlos arm 
defined and are used to aeteas the ability of a coxa to operate 
as a 00incident-current neaory unit. A test setup which Bakes 
it possible to obtain thess ratio; for different sets Of operating 
conditions !• devised and need on a ovseber of corse. Selected 
results arm presented and discussed relative to thf pertinent 
hysteresis-) oop shspsy. 
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Xfce problem Is bracketed on the one hand tgr * aetelli) 
00re (Allegany Ludlun ( e MTS U382) tfiloh hat excell»t signal 
ratio* end a 20-»lcrotsoond« response tine, .--j&d on the other hand* 
by a ferrltio oor* (Female 3 U..A F 109 V.oJ vtlch has only fair 
-lfjaal ratios and a l/2-nia.“o«tcenl redone* tlae. 

Further deralopa.ot work rhoold be aired In two 
llrectlocet toward ifliprorin* materials to reduce tidy tr*rronto 
and lnoreae* hjsteresla-leop roctaaffolarlty, and toward uncover j* 
and solving the problea* aeooolated with &esrablln£ large numbers 
of these oorns Into a hl*Jv speed t xtnrj i/st«. 
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OUrt ZR £ 
XBTBQWCTIO* 


i. Background 

Data storage is oa« of the Amotions in sodom computer, 
c-mtrcl, sad n—1 cottons systems. It is o major function ia 
slootresilo digital computers, shoos designs hors developed, to a 
si^alfiooat degree, around the limitations and potentialities of 
oho sen storage sedia 

The storage asdic* now being incorporated into the 
computer at frojeot Whirlwind is a cathode-ray type of electros tat io 
storage tabs-. The date are in the fern of binary dibits vfalah am 
stored as spots of electric charge on e plane dielectric surface 
within the tube A. particular spot is "selected? by airing the 
cathode ray; two space coordinates in the for* of vertical sad 
horizontal deflection voltages determine the poeition of the spot- 
"Writlng* or "reading* the spot is a second step accomplished by 
bringing the tube elements up to the proper voltage levels and 
turning on the cathode ray- 

rhio type of tube uses only two space oocrdlnates in the 
selection step of the data storage process, Sie ertension to three 
or nore spaoe coordinates would result in a -eduction of both the 
t Qi tf e nedium bulk' md the nunber of subdivisions along esdb 
coordinate axis for a given storage capacity. 

1. dupar script* refer to numbered Items in the bibliography- 
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Position sloeg s coordinate axis 1« determined, in the 
cathode- r«y tjrpi of storage tub*, by the 1 err el of ft daflsotlon 
voltage. X wore die arete determination of coordinate position in 
* storage aedloa would bo obtainable bar the selection of one of a 
cunber of poysloftl lines. 

BftftwuJi toward devalopwent of ft three dinerisland 
e to rags scheme wherein dleorsto space-coordinates are ossd in the 

2 

selection process wee f dor wag at rreject Whirlwind earl/ in 1947* 

One of the aodia investigated was the lm^prsetnr^-gftfl clow-discharge 
tubs. It. however,, prewed infeasible for ;*eetioal reeeone. 

Wortr started again la the nriac of 1949. the development 
■>f snail fem—gstie cores with reotangular hysteresis loops 
reopened interest In the preblsn. X* ■ sowed possible that suitable 
acres oeuld be assembled Into a three*dlweastonal storage am/, 
with a selection • chews involving three single-pole line-switching 
ssdueisss, 1 this thesis Is part of that series It is concerned 
prinarll/ with the ladlvldnal oore, 

the following Motions of this cheater siplaln the aleneats 
of this three-diweneional stores xtee end lndloato sows of the 
general repair seen to on the core. Bis detailed dleouselom of the 
indlTidanl oore starts La Chapter 11. 


briefly, e mall oore aede of a •hard* aegnotio aeterial 


way be aagnetlseii in cue direction or the other, so! left that way. 


this bi-stability, like that of a two-position relay. 


be used 
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to express the two digits of the bicar/ system, Z 2 KC or OHS. A 
number nay bo stored, or written, by sending a current pulse through 
a nagnetlzlxy 00 11 on the rore. Reversing the polarity of thlc 
ourrent reverses the core's aagnstlration. 

She binary nuabcr In the core, represented by the core's 
flux direction, esgr be sensed, or read, by observing the voltage 
Induced in a sensing 0011 when the an/netlzing 0011 oarrles a 
ourrent pulse of fixed arbitrary polarity end ■appetizing mgplltude. 
Relatively large signal voltages will be induced If the oore flux 
dlreotloo Is reverssd by tne reed pules, me all onss if It Is not. 

This baslo sdhane le approximately the one investigated by the 
Oooputatlon Laboratory of Harvard University-.^ 

▲ oore with a sufficiently rectangular hysteresis loop may 
be ueed in the following scheme for utilising 1 ins- switching along 
space ooordinates In the selection step of the atorage process. 

Figure 1 (a) le a eohanetio reureser.vatlon of such a oore. Findings 
A and B are aagnetlslng. or selecting, oollat S le a sensing coll. 

As suae that a hysteresis loop of the oore Is as shown In Figure 1 (b), 
and that, at the start, the operating point Is at the lower stable 
position -Bg. 

Ihe application of s n*<pietlslag foroe of tf^litud* H^/2 
aovsi the operating point to x, resulting in a very Mali ohanre In 
flux dMelty B; return to H • 0 , which occurs at the end of the H ^/2 
pulse, novae the ope ratify: point to -B^, t point not far removed 
from -B h - 
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(b) PATHS OF OPERATION OF A MAGNETIC MEMORY UNIT 
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The raault for the application and rcnoval of the full 
1» quit# different; the operating point novae to /, and than to 
fho aora reversea lta magnetisation upon application of Kg) in tho 
prooaaa thara la a large change of flax density a* with a oorre^xmdlngly 
large polo# Induced in lha signal coil. 

If tho oorronto i K and ig are aado e<roal and of auoh an 
aaplitude that thagr oorroapond to values of aa^atlainx foroo equal 
to Hyj2 each* than tho magnetlast ion of tho ooro can ho changed from 
-Jg to only tV tho addition* or oolnoldonoo* of i^ and i B . Bio 
development of a relatival/ large aignal pulaa would* tharaforo* 
depend on auoh oolnoldonoo. Reverting tho oarrant direction rarereea 
the prooodura. 

(Zt io an parent that fona of nolao and inotahillt/ raault 
from tha ainor h/ataroalo loop a travelled whan magnetising foreoa 
loaa than aro applied and removed. Thee# and othar faotoro nako 
dealrable a vary hl^i degree of hyatereelm»loop rooumgularlty and n 
relatival/ hi#h ecarolvity in the oora notorial. <h >aat »atatlo 
operation ha* bean aa ju ned; obviouely, tha fregaonegr with which 
opamtiana nay oooor will ba Halted by loeeee, eddy-currant shielding, 
and othar faotora. Later oh^tara dlaouaa aon* of thoao problana in 
dotall.) 
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One eijg>le criterion for the di^e of tho B-fi loop »•f ho 
Wired fro* tho idealised loop drmn In Fl^ire 2. If tho raluac of 
H for thigh tho loop lonu • sharp oornor into a now region ore celled 
end Hg m shown* then oolnel 4 a&Vc*\rreat operation Is centred who* 
the fellewlnf hold true* 

\> 8 2 

N<V < 2 > 

8 * 

those uf ho osnifclaed to giro tho colseldent-current oritorlont 

s »i > *»’•*** (J) 

** H z <zh,. 

0. **- aad threa-Plnsnolooal Itoruso 

If now* for exanple* nine of theoo cores ere arranged 
in a tvo*dlaenatonal array ae la figure 3* end currente of Magnitude 
lyj2 are caused to flow is selected lit;** ^ *• Shewn. oore f 

la the only oore in the array which hao tho fall aagnotlsing tore* 
impressed. Ooroe 0* *, C end I here H^/£ inpreoeed; tho root 
hare so Ispreaeed aagnetlsing foroe. The only ooro* therefore* whooo 
aagnet last ion can bo significantly affeoted le tho one at the Junction 
of tho eoleoted lists, lhs output signal nr; be taken, after 
suitable Mixing, iron tho ooils aaxtced 0 thl<h are all oonneoted is 
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fin* extension to three dimensions may be accoatpllshtd t$r 
stacking two-dimensional arrays, like the one of Figure 3 , In back 
cf each other, with respective x and y lines connected la ccason. 

In this arrangement the selection of lines x^ and energises a 
vertical plane and a horizontal plane In the array ae ahovn In 
Figure 4. 

Shis results In the selection of a line x^ y m along whioh 
all oores have full magnetising force Impressed. The rest of the 
cores In the x^ and planes have only half-na^ietising force 
impressed; oores out of those planet have non to 

All that le neoeesary now la to have a third set of 
s^gn silting ( selecting) windings on the oores, connected together 
In each s plana, and so wound, for each oore, as to result in a 
aagistising foroe equal to -H^/2 for an ^zplled current .f -ys. 
fixe application of -Hj^/2 to each s plane except, esgr, will result 
In aagnstlslng forces of only i^/2 left on each oore la the lias 
x , T m » except for the oore at the Junction of this line and the ^ 
plena, oore **xioh Is the selected oore. 

For the Whirlwind Z ooaputer, the ■ planes might well 
represent the l6 digits of the number on the number bus, while two 
32 -posit Ion switches control ths x and y coordinates for selecting 
the deaired register (or word) from the 1024.register storage array. 
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0, Attack on the Problem 

At the at art, and daring eone of the earlier stages oJ' the 
work, it beosne apparent that two coureea of attack on the problem 
were possible. One involved do in/; a (treat deal of detailed* rigorous 
research of a theoretical nature* and amassing experimental data on 
eone very limited portion of the problem, the other involved keeping 
e&alyels and data-taking at a minimum, and conelited of a quick 
development program designed to demonstrate the practicability of tho 
oonoept md to give a survey of available materials. 

Bte dec la lor. Bade leaned, in general, in the latter 
direct lorn. It wae felt that e greeter contribution to tho art was 
te be made by obtaining an early, theu/& rou/h, aeeeoenant of the 
potentialities of magnesia 00 res for use in this three.dimensional 
storage eoheme. Accordingly, the development of correcting 
equipment to fill these needs wae pushed hard, me wao the obtaining 
and pnooeeeing of sample ooreo. tome time had to be spent on analysis 
of tho eddy-currant gi lei ding problem in order to prooeed intelligently 
with the develops«it work, and this wae dose. 

fha devalepment work culminated la the test operation of 
two different ooreo whleh bracket tho response-time and information 
retention parts of the problem very well. She re suite give a rather 
•lrsnatle demonstration of tho feasibility of tho three-dimensional 
narnetlo-itoraga eoheme* pt least insofar as tho individual units are 
Mnesmod* ai d are oonsi dared to justify tho oouroo taken. 
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h. factors Oovsrnlng Rssoonse flaws of Kaioiatlc Material! 

The magnetlo state of a sample of ferroaagnetlc aatorlal 
lo a function of time aa measured froa tho start of soas excitation, 
factors entering into the function include losses, aging and like 
phanomsna, and eddy-current dialling. 

Lessee in the material, as well as in the driving 
circuitry, affect the shape of a plot of applied magnetizing force 
(H # ) versus tine, a discussion of the response of a magnetic core 
as indicated by monetising force (H) or flux density (B) at points 
in the material any postulate a given P # function and* consequently, 
nay sidestep the question of loeseo, This is dono here, is 
applied as a "rectangular* pulse with a rlsa time less than 1/2 
aiaroseosadf for most of the materials tested this may b» considered 
s step function. 

4 

Long- end short* ten aging phenomena, * real dual losses, 
and dimensional resonances^ are ignored. It lo assumed tliat these 
sro not first order effects during the tiae Intervals used, and that 
tho magnotlo moment at a point in a material responds immediately to 
a change in H at that point.^ Experimental results indicate that 
these are reasonable assumptions for a first approximation to tho 

behavior of tbs cores tested. 

* . 


18 
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B' Bddr-Ourrant Shielding in Thin la! 

When add*, current shielding la the only significant factor 
la the response tine ef a na/petic aaterinl, the fonulas goreralng H 
and B at points In the aaterlal, for a step-function of externally 
applied H, nay ba derived froa Maxwell's Equations. (Bee Appendix.) 
Zf dieplacesMnt current a nay be disregarded and " seal-inf lnite-plate* 
gsoaetry is aasuaod for the aatarial (both of which nay ba done for a 
thin a at all io tape or ribbon) one resultant set of foraulas 1st 


a** 




\ where (r is the conductivity ( 4 ) 
of the aatarialj 


B - fiH). 


( 5 ) 


When B is a aulth-valued and no jv linear function of B, 
the problsa of sol vine the aviations is beyond present-day techniques. 

If the aulti-valuetease of the functions aay be disregarded (as in the 
oa.ee where half of one particular loop in the B-H plane is being 
travailed) the solution is aore easily aoooaplishsd. The single-valued 
linear oasa is discussed first, followed by the slrxlo-valuad non-linear 
oasso 

Theoretical discussion is oonflned to the thin-tsps shape 
beoauee all of the presently useable astallic cores are wound of 
thin tg>o, the ferritio 00 res which hare square or r set angular cross 
sections have ext r e a dy hl/h resistivities and rather low 
ponisahllltlos so that eddy currents art alwost n eligible in then. 
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and finally, the qualitative concepts, vhioh derive easily tor thin 
tape 3 hold in a general way for ell shapes. 

1 . Ihp linear Case 

When f(H), above, is not only single-valued tat also linear, 
we eay define a constant, called the pes*eahility : y n 1 B/H, and the 
solution for H be cones (eee Appendix for derivation): 



where: a is the thlakness of the ribbon, or t^>ei x is neaeured from 
the surface of the tape into the material: is the amplitude of the 

applied step-flat at ion of Hj the nateriel was unaag>otissd at the start s 

ripurs 5 shows H/M # plotted isi^bs t/T for four values of Xo 
It is Interesting to note that the curves leave the origin with tero 
elope, with the trivial axoeptloo of the curve for x ■ 

In figure 6, H/H # is plotted versus x for various values 
of t/r < tin os we assone that the flux density, B, is linearly 
proportional to H, these curves shew the growth of K/J # ee a function 
of tine throM^ont the material, the flux, is proportional to 
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/ ® dx, or the area under each aurvo, A plot of thooo areas rersus 

V 7 iB wovn In Flours 7a; this plot nay also be arrived at by properly 

weighting and sewing the curves in Figaro 5. Vote that near the origin 

the off sots of the outside portions of the Material (nail x values) 

predominate* and the oorve readies its a ulcus slope for extrenely 

mall values of t/7 so that* for all practical purposes,, it may be 

assuaed to leave the origin with autism* (bat finite) slope. The slope 

is plotted in Figure 7 b; it is linearly proportional to d^/dt* so that 

it show the shape of the voltage pulse* » ( , which appears across a 

•using coil wound on the cere. The pulee has its aaxinua amplitude at* 

or very near, the origin and falls off from there an cut. The pulee 
eapl&tudc le negligible by the tine t • IT. 

2 . The Hon-Lln ear Qaeo 

When the function f(H), eq. ( 2 )* is single-valued but not 
linoar* equations (h) and (5) ooabina to givei 

0 -<r^f ■ 0. (« 

Tha function ftH) is oosmonly described by drawing the 
pertinent portion of the pertinent hysteresis loop for the material e 
•uch e oorve le shown la Figure 8 far one of the sw>re satisfactory 
experimental ooree, Xt le obviously highly nonlinear and not easily 
described by any ainple analytical expression. This Is unfortuaats* 
for squat ion (£) beooiMS ssparabls whan f(K) Is a reasonably simple 
P/wsr of H* auoh as 
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*he problem, however, does lend ltsslf to a numerical analysis. 
One vu started using the difference equation. 




X*t 




oi*z)‘ 


(H . . -2H . 

X*ax, t X* % 


H 


>aX. t 


). 


(9) 


vblch follows fro* squat Ion (4) in a straightforward aaansr. lbs 
function ftH) was approximated by three straight lines fitted to a 

curve like that of Figure 8, 4ad calculations Bade on a desk 

calculator, file wort, proved to be very tedious and time-consumings and 

was abandoned before any oonolus. ve results were reached, the problem 

will be prepared* instead, for solution by the Whirlwind X ooaputsr, 

and the reeulte will be available shortly after this thesis is written, 

file need for a oulok and rou/h qualitative eolation remained* and the 

following approximations suggested then selves. 

Assume that the material starts from a steady-state condition 
at the point and* for an applied magnetising step function of 

amplitude H #e follows aloog m idealised path in the &-H plane as drseA 
in Figure 9a. All of the aaterial reaches the point imnodiately and 
then enters the hlgh-permeablllty region. Since wo are only Interested 

in flux changes , or the transient part of tho solution, the problem may 
bo simplified sllfhtly by changing the initial oondltlons to H ■ B ■ 0, 
end considering that tho path travelled is the one drawn in Figure 9b» 
inferring now to Figaro 6* it is assumed that the linear analysis applies 
approximately, to the portion of each curve that is to the right of the 
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M-H. 

latersection of the ourre and the saturation-1 ins H “ ■ • All of 

* H e 

the orote section above end to the left of that lntereeotion is useumed 
to he ooJBpletel/ saturated. Since the i n sr a e o a W pjxmeability Is very 
moh higher (tor a factor 1 Cr } in many praotloel oases) for the region 
below the saturation line than for the region above, only the squares 
below that line are coanted as contributing toward the growth of the 
flux, p 0 She maximum (steady state) flux* may be taken as the 
total area under the saturatioiwliae. 

Also, the laok of any changing flux to the left of the curve 
and saturation-line intersection means that the effective thickness, a, 
of the material has been reduced, accordingly, to a^» Sinoe the square 
of the thickness enters into the quantity t/T in the linear analysis. 


one approximation includes reducing the successive increments of t/'< 

end X are 


br the factor • the resultant sets of ourvss of 




dr 


in figurss 10 and 11. 

further speculation an this sp>roxl*ation brings up the point 
that the effective thickness of the material is reduced by saturation 
only insofar as oontrlbutlon to the changing flux le oonoerned, but not 
insofar as the oross-sectional area available to ths flow of ed<tr 
currents le oonoerned. This would seen to cell for reducing successive 
~ lnorements bor the factor f~) rather than by the square of that ratio. 
The quantities end K ^ have been plotted for this eeoond approximation 

1 1 figures 12 end 13* As will be seen later in this ahspter (see 
figures 17, 19, 2QA, 20B) the shapes of the^£ curvet, for either 
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approximation, bear a fair reseablance to the output pal mb obtained 
•xp or in mi t all/. 

further theoretical Judgment regarding the value and 
validity of the approximations requires deeper analyst So particularly 
the results of the numerical solutions as the computer will perform 
them. 


0 . 


Experimental determination of the static maeietlc state 
of a core is not conveniently obtained. A dynamic picture of the 
changes oocurrlng in a core is easily recorded, however, as a 
family of ourvee thawing the rate of change of flux, , vermis 
tine, t, for applied step functions of H at varying amplitudes, H ^ 0 
these curves are, in fact, the volt*?* pulses induced In a winding 
on the oors, and a ay be viewed on a cathode ray oecllloeoope or 
synchrosoope. from suob families, mors particular places of data 
nay be extracted for plotting other ourvee; e.g., response times 
(pul m lengths) versus H # amplitudes. 


H', incidentally, la taken to bo the applied magnetomotive 
force divided by the aiean circumference of the toroidal core. The 
ratio of outer to inner diameters was close enoujdi to 1 to warrant the 
assumption that steadjustate H # was constant throughout each metallic oors. 
for cores with an svtrsmaly wide range of response times, end 




where quantitative comparisons can be mads between different thicknesses 
of the sane core material, the data la often presented in the form of 
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of response tinoe (poise lengths) vereas amplitude**. Witj it 
teaj largely of the Delt&iax cores. For ;<x*a of the N fneter* aetal.'.ig 
ooraa and tho ferrltlo cores, families of pulse ihapes are shown ami 
otter data extracted where necessary. 

Testing vat done alnoat exclusively on oores which hare 
rectanfol&x hysteresis loops. 

1* Slow Ketalllo Cores 

The tape-wound Deltanax ooree, as supplied by Allegheny 
hudlun Steal Oorp, or its subsidiary, Arnold Engineering Cor?., are very 
slow cores, largely because of their phenoaenally hirfi maximum jiscc ■u-cniu r 
perneabillty, u^. fro* figure 14,^^, which is given by the slope of 
the saturc.lon hysteresis loop as it crosses the H axis, aay be obtained 
aa approximately 1.3 x 10^ gatesee/cartted. Using aq. (,'), for 2_nil 
thick tags, with a resistivity of about 35 * 1CT 8 oh».aetere, the 
oeioulsted value for one "tine »nstant",r, it 1.2 ellllseoonds. from 
figure 7b, the tine to the end of the H p“»" for the linear case 
should be about 7 r ' sl *.4 nllllesoonda. 

for the actual saturable material ( see figure 14) the above 
reasoning indicates that aa the anplitude of the applied H # approacne* 

H # » 0.07*) oersted, the tine, t, to the end of the output pulse Should 
approach S Billiseconds. The curve dream for the experiment ally taken 
data ( see curve narked 2-nil Daltenax on flfttre 15) extrapolates to beyond 
iOp milllseconds for ■ 0.075 oersted. The correlation here is bad due 
in part to una'noliable Inaccuracies in the data, and the fact that 
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interlaminar conduction may not be negligible on these early eanoles. 
It is also likely that aesumptlone mentioned In the third paragraph 
of this chapter are poorly fulfilled in many cases. 

The fourth curve in Figure 15 is for a 2-mil Deltamax core 
vhiah was processed so as to raise its coercive force, H c , to about 
O.23 oersted. (See Figure 16). It also has a lover maximum 
’isiSSMSili permeability; « OJ x 10^ gansses/oersted, about half 
that for regular Deltamax. he * 0.3 oersted, the response 

time of this core should approach about 4 milliseconds^ it appears to 
approach about 100 milliseconds, giving as bad a correlation with 
linear theory as the other Deltamax corse above. 


Correlation with the non-linear approximation of Figures 11 
and 13, for H J - H 2 /H # * 0.1, is fair. The response times of the 
three oores, expressed as t/T , where T la calculated from the physical 
characteristics of each arterial using eq. (7), average to 0.18 for 
the above H^/H^ ratio. The earns pulses from Figures 11 and 13 end at 
t/ t* values of 0.11 and 0.20 respectively. The oorrelation gets 
poorer as Hg/H^ gets smaller. 

Relative comparisons made between the experimentally taken 
curves of different corse yield good results. According to the linear 
theory, T goes as the square of the tape thiolmese. For a given H , 
therefore, the three regular Deltamax aurvee of Figure 15 should be 
^aced from each other, along the t axis, by a factor of 2*, or 4, 










ALLEGHENY 

. I: l 

o ■*r- r* r-• i 1 #■ 


4450 




-- 







1 c 

in/ 

\n 


►w v 








nrtA 

u 

W 


-J 



1 



n 

i r-\ r 

\r\ 

c 

fWV 

; J 

1... j--.., 

; 

r— * r 


AAA 

fa 

OvU 






Ann 

* 









fl 

IA i* 

s 


















APPRQpYEDiJiOR PUBLIC RELEASE. CASE 06-1104. 


this loss not hold vsll for ths curves through noet of the range shown, 
cut does begin to hold better es the curves ooae In toward wi«are 

the B-H p.vths approach closer to linearity, for example, at H " 0.2 
oersted, t Is about 10 nllllseoonds for the 2.nll curve and about 3*5 
ailllaeoonds for the 1-nll curve, this factor of about 3 decreaaea to 
less than 2 for hl£ier values, and appears to Increase (possibly to 
U) fsr lower values. 

the curve for core MTS 4450 nay be conpared with the 2~nil 
curve for Ddtanax by comparing revponae tinea, t. for aaall equal 
lnoraaente of N above respective values. The Sknll Del tanas. for 
• Hg ♦ 0.125 ■ 0.2 oersted haa a t of 10 nllllseconds; core MTS 
4450. for • Hg ♦ 0.125 « 0.415 oersted has a t of about 5 Billiseconds 
This factor of 2 la very dose to the ratio of the^j i valurs for the 
two aaterlals. Guos again, oonparlson Involving linear theory la good 
for low H' values, and poor for hlj$ ones vhsre departure fro® 
linearity Is estrone. 

figures 17 and 18 are photographs of scope traces showing the 
growth of output pulses as a function of H # amplitudes for a «~nll 
Del tanas core and oore MTS 4450. There la sons qualitative resenblanoe 
between the stupes of the predieted pulses of figure# 11 and 13 and 
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I80>jsec 


TWO FAMILIES OF OUTPUT PULSES (FOR VARIOUS 
AMPLITUDES OF APPLIED H e ) FOR A 2-MIL 

DELTAMAX CORE 
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FIG. 17 
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TWO FAMILIES OF OUTPUT PULSES 
(FOR VARIOUS AMPLITUDES OF APPLIED 
H e ) FOR CORE MTS 4450 
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2, fast He tall lo Pores 

Zt la Important to recall, at this point, that when a core 
la need in the coinoldent-currant scheme it le switched by n^metizinc 
foroee which are always leee thpo 2H^ (aee eq. 3, Chapter 1). Che 
data la this eeotlon extend appreciably beyond 2 H^, but anphaale la 
often laid on the region up to that point. 

the corea dlaoueeed in the previous eeotlon are not eultabla 

for uee ae coincident-current nmmory unite because their reeponee 

tlaee, for H # leee than 2 H^, are of the order of nllliaeoonda. If 

eddy»eurrant ehialdln^, ae dleoueeed, le th** laportent tine-oon swing 

effect, then the equivalent tlae constant, T', of the aatarlal le a 

ueeful orlterlon and may be reduced, in a metallic core, by reducing 

tape thioknesa, by Increasing material resistivity, or by reducing 

permeability. Unfortunately, It 1« not praotloally faaelbla at present 

to refeoe thlckneeeee to muah below 1 -all or to Increase resistivities 

eery euah above SO or 100 aloroha-om In the reetengulaiwloop aetalllo 

aaterlale. Core# are available, however, with substantially lower 
Wi^fen»*4»ml 

value# of maximum la seem easel permeability. Jlgur* 19 *»owe a 

highly- rectangular hysteresis loop, for core KTS U 3 62, whose B ai l — 

A*^Yt-ee«fca / 5 . 

taeeememtal permeability 1s about 0.12$ x 10 jxusoae/oersted. This 

value le lower than that for Deitamax by a factor of about 0 . 1 . 


tfhan the colaoldeot-currant limitation, < 2 h^, le 

ooneidered It beoonee apparent that 00 re HTS Uj82 rttould be faster 
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than a 1-all Delta* ax core tgr j«t another factor when It la uaed In 
the proposed sohene. from the hysteresis loop of Flgure 19* 

^ 2 H^ a* 2.3 oersteds, 

H § ** H 2 » 1.6 oerateda, and 

H > /H # « 1.6/2.3 ^0.5. 

MI 

*herees, for Delt^axs 

H^/h # » 0.079/0.08 ~ 0.94. 

■ax 

A glaooe at the theoretical approximations to the growth of 
flux with tlae for T*rlous values of H^/H^ (Figures 10-13) ladloatea 
that steady state Is reached much sooner at lover relaes of * 

very rough extrapolation on Figure 10 Indicates that steady state la 
reaahed at t /Tim. 0.6 for * 0 . 5 , whereas for ■ 0.94 steady 

state la probably not reached until %/T > 5 ., 

Va would expect, therefore, that 00 re NTS 4382 would be 
about ten tines as fast aa 1 -all fieltnaax under linear conditions, 

and perhaps eaa hundred tinea aa fast whan used under noiwlinear 
conditions for Taluea la the vlolnlty of 31^ par re^eetiTS core. 
Proa the experimental 1-all aurre of Figure 19» the re^>onse tine 
far H # ■ 0.08 oerated is of the order of tans of all 11 seconds. Proa 
Figure 20, far H # ■ 2.3 oersteds, the experlaantal response tins for 
oora Mid 4382 is about 0*7 milliseconds. The factor lo of tho order 
of a hundred, as exneoted. 
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figure 21 show* photographs of a family of output pulses for 
this oore. Oxer# la good resemblance la general shape to the currea 
of Flares U and 13 . 

All of the previous calculations and comparisons hare been 
baaed on the assumption that a material travailed along lta so-called 
saturation hysteresis loop and that, therefore, the function, f(H), 
waa si nglm-valued. and value* of could be taken fro* those loopa 
aa shown la Figure 14, l 6 , and 19* Beoauea of the need to maintain 
t ingle* value dne* a when attempting to obtain reipona^tlae oorrelntlona 
between theory and experiment, meat of the data waa toucan for a 
material travelling along lte saturation loop. This was done by 
applying asymmetrical magnetising foroee as shown on the small sketches 
on Figure* 15 and 20, wner* was kept oonatant at a value sufficient 

to saturate the core. 

Actually, oores will not be worked on saturation loops in 
the proposed eoheme, end it le Important to see how response timet 
change when symmetrical excitation it spiled end varied. Data takai 
index these conditions for core k?6 U 362 are plotted as the dashed line 
in Figure 20, and are photographically illustrated in Figure 22. the 
refection in response times Is very large. The seme type of data was 
taken for 0*1 tern ax oores, and la plotted separately In Figure 2 3* 
Response times are lowered again, bat mot at drastically 

As Is Indicated by additional evidence 1m the next chapter, 
the refection Is due l argely to the reduction Inea inner loops 
ere travailed in the fc-H plane. There le also some redaction in 
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TWO FAMILIES OF OUTPUT PULSES (FOR FIVE H e 
AMPLITUDES) FOR CORE MTS 4382 UNDER ASYMMETRICAL 
EXCITATION. NOTE RESEMBLANCE BETWEEN (b) AND 
THEORETICAL APPROXIMATION TO d */dt IN FIGURE II. 



20 ;isec 


A FAMILY OF OUTPUT PULSES (FOR FOUR H e 
AMPLITUDES) FOR CORE MTS 4382 UNDER SYMMETRICAL 
EXCITATION. NOTE LARGE REDUCTION IN RESPONSE 
TIMES COMPARED WITH ABOVE. 
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retained float density and In ooarolT<s>foroe values, which would also 
sot to redoes response tines for fixed values, 

Belatire oorrelations of the above type exist between the 
already-asntloned netallle oorea and others tested. Two which fall 
under this section's classification are ».7S 6464 and KM 4370* both 
prepared by Allegheny JUadlus Steel Ooip. 

3* Territlo Pores 

Cores aade of the aa*n«tlo ferrites promise a aajcr reaction 
la r*sponse tines, mainly die to their hifti resistirities, and 
swoon iarlly die to their low pamaabllltles, low saturation fl ix 
densities, and hlrf< coarolvltias. 

The following rallies indicate how different the oheracterl•tics 
of ferritio onres ney be fr©a set *1 llo ones. They are forfeSTaaio 34-* 
e product of the General Oensslc* end Steatite Ooip. The oonparison 
le aade a<pslnet regular Del test ax and is Quite extreme. 


Haterlal 

Del terns* 

Terranlo 34 -a 

Max. Isnrniantsi permeability, 
gausses/oersted 

1.3 X 10 s 

about 10 3 

Coercive force, K , oersteds 

0 

0.06 

3.5 

saturation flux density, i # 
gauss's 

1.6 X 10 U 

1,3 * 10 3 

Volume reslstlTlty st rooa 

under KT^ 

10? 


t-p.. f . 










APPROVED FOR PUBLIC RELEASE. CASE 06-1104. 

Report R-192 

# 

71mre 24a, below, is a photograph of scop* trace* shoving 
the output paisa* froa a aaall ftcermle 34-a 7109 toroidal oora with 
a aaajviquara cross-ssotlon of about O^E-lnoh on odg*. appli*^ 

waa aayanetrloal, *0 that tha pulaaa shown re suit ml froa returning 
alone a path wary aloss to the saturation loop. 

71mra 24b shows the redaction in response tines re nil tin* 
froa «ynaetriaal excitation, a* discussed for aatallio oora*. 

Tlmrs 24a, when ooaparad with 71mr* 24a, show* tha 
reduction in response tines resulting froa reducing the radial 
thickness of a Kerraalo 34 -a fl 09 toroid to about £ its ori gin a l 

Tsiua. 

In tha three figures m very reduced rang* of response-tin* 
▼slues is srldjDt. this reduction is largely duo to the now finits 
rise tin# of the function; the no longer negligible rise tins 
effectively puts a lover liait on tha raspons* tlaaa of tha ferrltlo 
cor*s for H^» Hj. The fact that tha toroids her* relatively large 
radial thicknesses also contributes to this effect, and ’■edunea the 
•oouraqr of any rsspenea-tiae oorralatlons. 

The resistivity of the 7*rr«lc oora is about tlaes 
that of Daltanax. It is sufficiently him so that aaorosoopio 
eddy currants hare baan rsdUosd to a negligible value and raspons* 
tlaaa or* of tha ssets order of magnitude as the rise and fall tiaos 
of tha paisas and of the associated circuitry. It is also poasibla 
that diaplarsamt our rants and residual losses are significant 
limiting factors in this area. 



















(b) FAMILY OF OUTPUT PULSES 
(FOR THREE H e AM P L ITUDES) 
FOR FERRAMIC 34-A FI09 
UNDER SYMMETRICAL EXCI¬ 
TATION. 


(c) FAMILY OF OUTPUT PULSES 
(FOR FOUR H e AMPLITUDES) 
FOR FERRAMIC 34-A FI09, WITH 
RADIAL THICKNESS HALVED, UN¬ 
DER ASYMMETRICAL EXCITATION. 
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(a) FAMILY OF OUTPUT PULSES 
(FOR THREE H e AMPLITUDES) 
FOR FERRAMIC 34-A FI09 
UNDER ASYMMETRICAL EXCI¬ 
TATION. 
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OUt'TKR XII 

IMfOaOvTI0M-R3JMUIOM Aim Sl&HAl HAJIOS 


Tho operation of * nagoetlo ooro m described in Section b 
of Chapter I raiaaa special probias* with respect to at ability of 
oparation and what would commonly ba called signal-to-nolee ratios. 
In the first a action of this chapter, those problems are discussed, 
and important ratios and criteria are sat up and defined. These 
fellows a brief look at the test setup used for obtaining the 
experimental results. These results, presented in the form of 
photogr^ihs and numerical Tala as. Are then discussed and related to 
hysteresis-loop shapes. 

A. Definition? and Seoul resents 

Much of the di ecu salon below rerolTeo around the 
▼oltage output puloee from a core for different situatlono and 
different oore-information states, the measure of these output 
pul ess may be taken as thslr areas, peek amplitudes, or amplitudes 
at chosen points in time. Unless otherwise elated, the pulee arena 
ere taken to be the quantitiea under discussion. Polarities are 
often disregarded; it la assumed that, in the final aystarn, the 
sensing device may be equally sensitive to allele of either 
polarity. 

deference should be made to Yt 4 cureil.pl Chapter I) 


throughout this sect lop 
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1. Manyto Betontiog 

This phraee Is used. to refer to the ability of a cor - 
to maintain a flux direction and magnitude, representing a &XRO 
or a OK, in the face of excitation by non-oeleotlng (H^/2) pulses , 
figure shows how, after putting the oore into atate -B H with a 
full pulae, a pule# of H^/2 novae the oore to a new state, -fig. 
Additional applications of H^/2 pulses tend to run the state of the 
oore further up along the B axis, disturbing the information in the 
oore, or, peifcapa, destroying that information. An intuitive 
inference to be drawn fToa Figure lb is that disturbanca of the state 
of a oore le reduced when the portion of the B-H loop between 
H - -H^/2 and H ■ *\/ 2 approaches the horlsontal. The degree to 
whldi that portion of the loop is horlsontal la one of the a secures 
of what is called loop rectangular it/* 

The stats of a oore is manifested by the else and rfiape 
of the voltes pulse out of a sensing on 11 In response to the read 
pulse of H. Chengs in amplitude or area of this output pulse as a 
function of the number of intervening non- selecting (H^/2) pul see 
is, then* an indioatlon of the sensitivity of a oore to dlsturbancs. 

Xf a OHS, as written by a wrlte-OMX pulse, is at 
-Bg, and 4JLHQ, as written by wrlts-4i.R0 pules, is at +Bg, 

then reeding nay be aoooapllshed by ^plying a ^ read pulse, and 
the result X* a large output voltage pulse for a 0MB and a snail 
output pulse for a 4KB0. 
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Hon-■electing reed or vrltc-ZKRO pulses will tend to run a 
0KB position uj> alone the 3 axis that reducing the re open ue to a rind 

pulse later; they will not, however, significantly affect the Zj£K0 
position. On the other hand, non-selecting write-ONE pulses will tend 
to run a 2XSO position down along the B axis thus increasing the 
response to a read pulse later; they will not, however, significantly 
affect the CM position. 

a. OHX. Retention 

An "undisturbed OKI" is defined as the information 
state of a oore after a Oil has been written and before any other 
pulses of H have been applied. A "disturbed OKI* is the state of a 
oore when a very large number of non-selecting (h^/2) read or write- 
4 K M O pulses have followed the write-Gil pulse. 

the "OWLretention ratio" is defined as ths ratio of 
output si^ul s for the two caseei 

i ~U., V 

approaches 1 in value for the ideal oaee and is 
less that 1 in preotioe. 

b. 4IRQ-Retention 


An "undisturbed CZBSf is defined ae the information 
state of e core after a ZXRO has been written end before any ether 
puleee of I have been applied. A "disturbed 2XRO" is the state of 
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a ooro when a rery largo imebor of noo-eeleatlng (*4^/2) write-C'RK 
pulses her* followed the writ*-ZERO pulse. The ZERO-rettmtion ratio 
la defined ee the ratio of output signals for the two oanest 

4£fl0 — - fflSRQ-retention ratio. K . 

Undisturbed ZERO “ u 

It approaches 1 in Talus for the ideal oase and le 
greater than 1 in praotioe. 

2. Sijmal Ratios 

A masher of signal ratios may be made from the abore- 
asntioned four baaio ctuantitiee. The most meaningful on* is the 
*disturbed-signal ratio", vhich is defined as the ratio of outpit 
signals for a disturbed 01TZ and a disturbed ZERO, as follows! 

Pisturbed OWK - pioturbed-signal ratio, S D . 

Disturbed ZERO - 

Sinoe disturbance generally reduces the output signal 
from a cere with a ONE, and raises the output signed from a com 
with a ZERO, tha 8^ ratio is a really critical criterion of a 
core's psrfomancs. approach** infinity in the ideal case, 
and approaches or falls balow 1 for the unsatisfactory case. In 
praotioe It rfiould be much greater than 1 if reasonable discrimination 
between the binary digits is to be obtained. 
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Another type of voltage output fro* & core occurs vhar 
it receive* a con-selecting (H {) /2) pulie. This signal la. lik* 
noise, undesirable; the word noise is reserved* however, for signal* 
which are more cosuaonly described by that nane, such a* those 
resulting fro* inductive or capacitive pick up. etc. The first- 
■sntioned signals will be called non- eel acting (abbreviated X-S) 
signals. 

the largest K.j signal from a core nhould occur In 
response to the first non-sal acting (H^/2) pule# of a polarity which 
tends to reckice the nagnltuds of the retained flux. If the core 
holds a QKK this would be a non-selecting read or write-ALNO pulse 
(^ 2 ). 

The ratio of a diaturbed-Qn signal to an X-S signal is 
defined as follow si 

D l , tqrbe l_0 »» : *_6 signal ratio. S . 

X-8 signal * “* 

This ratio, like 3^. approaches infinity Ideally, should 
be aach greater then 1 for satisfactory operation, and is m 
lnportent criterion of ooincident-current core performance. 

The garden variety of nolee is net considered here; it 
will be one of the Major problems involved in the developsent of 
asesBbliee of these corse into large-scale aenories. 
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Teat Setup 

A aini&s-pulne, or push-button, type of arran&sneut vai 
first used in the experimental work. It was abandoned In taxor 0 1 
an automatic test setup which can put a repetitive pattern of H 
pulses on a core to simulate, approximately, some of the conditione 
under will oh the core might operate in practice. This setup makes 
It very easy to adjust the significant H amplitudes during operation 
and to see and record the output pulses from a test core for different 
operating nodes. 

Previous considerations lead directly to the pulse patterns 
desired for the testing. These art shown in figure 25. The sequence 
of events for each mode of operation a* b, e, or d, may be followed 
with the aid of Flffir* !>(Chapter X), 

The block diagram of figure 26 end the cirouit schematic 
for the Oore-Xsstlng Pulse Amplifier (figure 27) *hov the equipment 
arrangement end circuitry used to produce the above pulse patterns of 
magnetising force. 

The setup is very flexible end le made up largely of blocks 
of project test equipment.^ Repetition rate may be varied by varying 
the free-running frequency of the hljdw.frequency ml tlvibrator in the 
MT frequency Divider. All pulses are equal in duration; the duration 
may be varied by adjusting the delay in time between the pulse into 
and the pulse out of 0 A D (Oats and ^elay) Unit 2. false amplitudes 
jp*s adjusted by front papal control* on the Core-Testing fulse 
Amplifier. The modes of operation and the number of inserted noa~ 
selecting pulses era determined by the condition of the two switches* 
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MODE a, CHECK UNDISTURBED ONE 
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MODE b, CHECK DISTURBED ONE 



MODE c, CHECK UNDISTURBED ZERO 



MODE d, CHECK DISTURBED ZERO 
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34 1 and SW 2, and tha dividing ratio of HI' to LQ- frequency pul os* 
oat of tha HT frequency Divider, a« detailed below. 

With tha ayno input of tha synchro aoopa connected to roctlv* 
tha mta output of 0 AD Unit 1, aa shown, it swoops onoa for array 
pul so, ragerdlass of oporatin r nod*. All output paisas start, theraforo, 
at tha aaaa point on tha soopa ooraan (a point dotaminad by tha dal ay 
tina of tha puloa out of 0 A D Unit 1), and tha 7 iowed tracaa aro 
mperiaposed. Scope loads nay ba connected to tha sensing coil on a 
oora for viewing output puloos, or across tha 50 -ft-, 29 w, oerias 
rasistor whioh is ooaaon to tha two magnetising windings, for viewing 
tha currant pul ass. 

To prodoe* oporatin/; nod* a incur a 25 ), tha MV frequency 
Divider (fifor* 26) is *dju* .ad to divide by 2, so that tha repetition 
rata for "LO a frequency pulaas is half that for "MI"; nod* b is 
pro due ad by dividing by any lnto«or larcsr than 2 . Opsninf ovitah 
SW 2 and dividing by 2 r* suits in nods o. Mods d nay ba obtain ad by 

a 

opsninc su 1 and dividing by an integer grantor than 2 } tha pattarn 
will, however, by up si da down and oust ba intarpratad that way unlass 
tha troubla is takan to reverse with or the magnetising ooil loads or 
tha oeopa loads as was dona in obtaining son* of tha disturbed, aero 
photogr^hs of tha naxt soot ion. 

0 . laadMmi «»f4t» 

f aw ooroo vara found tdiich oould oparata ouoeeosfully in 
tho 00 inoidapt-currant sohsme. Of tha natallio onao n oora MX 3 4382 
(first asntionad in tha prevlouo oh apt nr) was tha boat on all counts. 
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!• Core Kid Ulffi 

The teat results for this core are summarised Xtt the 
photogr^aha of Figure 28 and the table of Figure 29. 

Figure 28 le worth a conelderable mount of etudy. The 
three oolumna of photognphs are for three arbitrary values of 
the oenter column vae taken with the magnitude of doee to the 
optimum value; the two elde column* ehow the changes occurring for 
ameller and larger value*. In the top row are shown the voltage 
drops across the series resistor coanon to both magnetising collet 
the scale la calibrated in oersteds einoe the voltage drop, multiplied 
Qgr a known constant, gives the magnetising fores. Hi these piotures. 
althoutfi taken for node b, indicate the magnitude* of and H^/2 for 
the entire column. 

The next four rows show the voltage pulses appearing on the 
oore'e sensing ooll as the core react* to the pulses of H. 

Some Jitter In the M* frequency Divider between division by 
2 and division by 3 Bade it possible to see the undieturbed-QMK output 
trace and the once-disturbed-0>K output trace simultaneously. This Is 
labeled mode mb end le shown in the seoond row of the figure. The 
three positive traces (starting with the largest one) represent outputs 
from an undisturbed OK*, a once-disturbed CVE, and one non- eels at log 
read pulse, respectively. The negative trace remits firm the wrlte- 


OMS act 
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The third row shows ocdr The heavy canter traca 
results froa a largo curator ol' oonnocutlve non-selecting road pulses; 
bho fiaa? tr^co Just above it Is from tho vary first of thosa. Sho 
positive outside trace represents the diaturbed-QHJ£ output* and the 
negative trace* as before, is froa the wrlte-CSvB act. 

Bow h, sole o, show ■ only one trace for the undisturbed 

d*.H0. 

Mode d, row 5» Siove three traces. The negative trace 

represents the disturbed 4 ZR 0 ; the heavy positive trace results froa 

, « 

the non-selecting write-OIK pulses; the faint positive trace results 
froa the first one of the non-selecting write-OKS pulses. 

The first table in Figure 29 ahows approximate Info mat ion- 
retention and sigpal ratios as obtained froa the photographs. The 
reeulta for ooluane 1 end 2 (H^ " optisua) are aost acceptable. 

Increasing to the optima value results mainly in a reduced response 
tlae and higher signal output levels. The increase to coluan 3 
(H^ > optimums reduces the response tins And raises output levels again, 
bat it also results in drastically reduced signal ratios, particularly 3 q» 

Reference to the hyeteresie loop (Figure 19) for this 

core siiows that the K ^/2 value ( 1.5 oersteds) of aoluan 3 eweeds the 

value (1.2 oersteds) of Figure 19, and is about equal to the H of 

o 

the material. In coluan 2, however, \/ 2 ** 1.2 S H^, giving 
satisfactory operation. 
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METALLIC CORE MTS 4382 
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Comparison of Figure 19 wit'i the family of B-H charaotrlsties 

photographed. In figure 30 a chow* theft the oore ret slue its recta-grilwlty 

veil as H excursions are reduced, until cone point ie reached helot’ uhloh 
the loops collapse almost entirely* The predominant characteristics of 
the loop collapse are the large reductions in retained flux density, Bg* 
These reductions are greater, percentagewise, than the conccnltant 
reductions in eoerolve force, H c » Although the t aariuxatcj , . pcrnsabllltles 
decrease toe, the overall effect lc to nalnt-Jn a loop shape on wfcldb the 
oolacldent-current criterion, H^/2 < holds until the loops begin to 
oellape* entirely. Also held well le the flatnee* of the near-horizontal 
portions of th* loops, thus retaining favorable 1U$ signal ratios (5> n# ). 

2 * gat* R29.Lfet.y-il 

This 1* ths best ferritic oore tested and has reasonably 
acceptable retention und signal ratios plus aa extremely short responee 
tine. It ia, however, rather sensitive to the amplitudes applied, 
and allows less deviation from the optimua than does the nstalllo 
core previously discussed. 

FI ffxro 31 has photographs of the me^etlsing pules# and 
the output pul tee tor the three important node* of operation. Scope 
leads were reversed when taking the photos of the H pulses and the 
node d output pulses, so that all pertinent traces appear at positive 
ones. Other*!## interpretation le the earn*- as for Figure L‘S. 
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(a) FAMILY OF B-H CHARACTERISTICS FOR 
METALLIC CORE MTS 438? 



HRRAMIC 34. TYPf A 


(b) SATURATION HYSTERESIS LOOP FOR 
FERRITIC CORE FERRAMIC 34A AS 
PUBLISHED BY THE MANUFACTURER 
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7hs rosaltacit Important ret Lop ere tabalotcd in Hgiro 29 
!:cst to those for oore UTS 4332. The ferritic core hao & respot.co 

tiae about one-fortieth that for the netalllo ooro, hut it hao 
appreciably poorer retention and oi^uJ ratios. 

the response tins improvement is largely due to the 
terriflo reduction In eddy currents. The relatively poor signal 
ratios are due largely to a lover degree of hysteresl»>loop 
rectangnlarlty; a oopy of a hysteresis loop for Fsrrmlc 34-* Is shovn 
in finire 30b. 

Both the response-tine values and the signal ratios at sn 
(tpslsBBB point in tine jould probably be lnprovsd sonevhat by 
decreasing the rise tines of th« pulses of H. 

3* £l gg»g6«.*- V . 

an interesting deeonstration of the effect of different 
degrees of hjrstereele-loop rectangularity upon a core's performance 
Bay be ha£ by rigging a negatively magnetostrlotlve oore with a 
compression dravstrap and oheoking its performance, and its B-H 
characteristics# under varying degrees of oomprsssion. 

This was dons with a toroidal smsple of Ferroxoubs IV as 
supplied by the North American Philips Co. The ohotographs of 
Figure 32 4tov that core's perform anas when under a good amount of 
compression and whan under none. The emergence ef a fair degree of 
loop reotang^inrlty under oore oomprsssion may be seen in the upper 
;«o photographs. 
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Along with the appearanoo of loop rectancalfirity iu*d»r 
^ (.repression la the ability of the core to perforn, with reasonable 
retention and signal ration* in the coineident-current *ch«c«. '.'ho 

oore, when under no comproe*ion, has completely unacceptable ration, 

M ehown in the second colusn of tho figure. 

The response tine of the core increase* by a factor of 
about 10 when under oppression. Thin la very routfily equal to the 

lnoreaae in the wajieuc aixrj_ l.j * permeability (p^) with 

ooapreeslon, &• appro Seated from the aiddle loop* of the two B-H 
characteristic* ehown. Thi* ie further evidence in support of aone 
of the dieouselon in the preceding chapter. 

Life-cite photograph* of the cores are displayed on the 
next two pages. figure 33 -tfiove picture# of the following: 
core MTS Uh^O, caeed and wound (top left) ( a •■all-size, oaeed, sample 
00 re which baa oharaoterletioe like MT;. U^82 (top 0 enter); the 
Ferroxoube IV oore with ooapreeelon drewatrep and winding■ (top right)} 
a regular DelUaax oore, eased and wound (bottoa left)} a 1 -nil 
Dal tan ax oore out of its oase (bottoa rl£it). Figure 3 U shows oorss 
MTS U}82 (left) and fmrrmio nOQ (b.e.) (right). Both oorss 
are wound and nouated on a male ping of the Core-Testing False 
Amplifier as used during the tests. 
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LIFE-SIZE PHOTOGRAPHS OF SOME OF THE CORES 
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C LIFE-SIZE PHOTOGRAPHS OF CORES MTS 4382 AND 

05 FERRAMIC 34A FI09(b.o.) AS MOUNTED ON CORE TESTING 

*“■ PLUGS READY FOR USE IN THE TEST SETUP 








APPROVED FOR PUBLIC RELEASE. CASE 06-1104. 

Rspov'; R-i9 ; - 


1 

•OfIAF2SR IV 
G0K01USI0K 


The preceding two chapters have dwelt on tvo phases of the 

problem of operating magnetic coroe in a coincident-current oecicry 
scheme which would be adaptable to a line-switching type of eel action 
along two or three space ooordlnatea. 




Xhe beet reeponee tinea presently attainable run to about 
20 alone s*oond* for metallic cores and about 1/2 microsecond for 
ferritic oores. Xhe latter tine is >aore than low anou/h by the hl£i~ 
■peed-aeaory standards of Whirlwind Z. Some decrease in response 
tines Is possible if the redial thickness of the ferritic toroids 
Is reduoodi further improvement nay be attainable by ohanglng 
Bats rial characteristics euoh as the woluae resistivity., 

The ^O-nlcroseconds response tine of the beet metalllo 
core le too great for hifh-speed aenory application In Whirlwind X, 
but Is probably raaaonable for intermediate application* end for 
■lower computers. Very significant decreases in this core's response 
time ere possible by reduolng tape thickness (the Allegheny Ludlua 
Steel Corp. 1s working toward 1/h-mil t^pe - this should rsduco 
response times to well below 5 microseconds), increasing material 
resistivity, and reducing the retained flux density. 


7U 
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B, SS fipgl Ra'U& j 

Cor® MTS U3B2 has probably aa good u act of f.uforuatiw*- 
:-ctsr»t?oa cad sig>ial ratio® to will V traded In n colncldent-oorroflt 

<.ca<u* which involves no aore tnan thro® currants. The area ratios 

are extrsaoly good, and the optlanm-poi.'.t-la-1lire ratios are 
practically parfaot. These are all the result of a B-H characteristic 
which combines sharp cornsrs, abrupt saturation,, uad the fact that 
and H 2 ara olesa to aach other yet relatively far froa the origin. so 
that it ie eaay to find an which fulfills the criterion* Z 




0. Po re B-B Oharactert sties 

The operation of a core as a 00 incident-currant aenory 
unit requires a hirh degree of hystereeia-loop ractanrularlty. Zt 
aleo rnqulrss that the hyetereele loops of the core oollapee toward 
the origin, for decreasing excursions of H, in a certain way. 

Future data on aajoietie cores for this type of applicitloa should be 
in ths fora of feallles of B-H curves, or hysteresis loops* taken for 
symmetrical excitation value* wnioh range froa zero to near saturation* 
with sephaels on the region about U 0 * A fsally of aioh curves, 
supplement si by physical data regarding dlaesisions* resistivity, 

Uurle teaperature, etc.* will oonvs j about all the inforaation 
needed in order to assess the oore's suitability. There la quite a 
resemblance between such data and wore ooamonly seen vacuum-tube 


Oatac 
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Dc Oo nni defuti .ops 

There aro somu phases of the problora which huve been 
o..it>ed or only litfitly mentioned no far,. 

One of these is the fact that reading the corona lnforrs-tion 

is the earns as writing a ero into it. The ooro, in other words, 1* 

cleared upon being read. This is not a anjor injmdinent to the echerue's 
usefulness in a large.scale cooputer; it is not too difficult to re¬ 
write information extracted froa a aanory register. Thought should be 
given, however, to aeons of olrounTenting this prohi on. 

The energy irreversibly put into a oore during the switching 
proosts is quite significant. The required power nay be a problen to 
supply and to dissipate as heat froa the oores. 

file average power into oore nT3 1*362 during the 20 aioro seconds 
switching tlae is of the order of 10 watts. Zf the oore is operated 
at a yty duty oyols (a reversal every lO aloroseconds) it has to 
dissipate about $ watts without experiencing a dangerous temperature 
rise. Since this oore is fairly large (see figure 34) end has e hl/h 
Our is teaperature, it can probably operate under these conditions fairly 
wall, and the problsa a ay only be that of removing the ooabined heat 
generated in an aeseably of suoh core*. Under the seas duty cycle of 
£0£ (a reversal every alorosecond) oore Ferrmilc }4 _a W .09 (b.o.) aay 
have to dissipate about 10 watts, fills oore le already rather snail, 
and it has a relatively low Ourle teaperature ( 280 ° 0 ). Unless speolal 
precautions are taken, this core's teaperature aay rise, during operation 
to f point where its hysteresis-loop shape is adversely affected. 
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The isner*ar into tho core lc in the fora of a current iralna 
: the isxiuced back e.a.f. Production oT tho propGr c UP***--', 

puleoii for a largo number of cores ncy he a ccrioue problcr, p'VT'iiJtaJ.arly 

If tho ourreat magnitude a are kept hl<jh 4 a order to reduce the number of 

turns needed on each magnetising or select ing winding. 


Zhe signal-ratio problem nay be acute in a large assembly 
of cores, tfhether undesired slfloals (N-S signals and dKHO'e) will 
add or cancel each other will depend on the sensing circuit arrangemente. 
The timing of the selecting pulses also eaters into whether or not H~S 
signal t become objectionable. 


There lsa large, thin, spike at the beginning of each 
output pulse from those cores which ha** response times longer than 
about 5 microaeoonds. 7hls spike may also be seen ss the start of 
-** - ss on the theoratloai approximatlone of Figures 11 and 13, 
where the H pulses ere considered to be step functions. Wliers H pulses 
bmve rise times vhich are negligible fractions of the core response 
time, the spikes apnear. Zt In obvious, then, that the actual shape 
of these mmjpstlsl&g pulses is s orltioni factor which needs to be 
determined for eaoh situation; and the spikes may be reduced ss 
desired, at the expense of some siight increases in response timet. 


Inductive pickup say baooas a real headache and the proper 
use of unilateral Impedance elements, osrsful relative placement of 
cores, and other precautions nay be necessary. 






Hi ' • 
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t 

Theb? and othor miscellaneous considerations require 
further study and experiment. Particularly needed is the es- 

perirental operation of a fe*f coroo in a two-dimensional pilot 

l 

assembly. This work will begin at Project Whirlwind in the near fu¬ 
ture. 



% 
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APPBTDIX 


DEHIVAIIOK: H inside a thin ribbon as a function of x and t. 



Thin ribbon of 
thickness a, infinite 
in z directions* 

"semi-infinite" in y 
directions; conductivity 
CT; step function of H, 
of aapllt lie H e , applied 

at t = 0; L = H = 0 at 
t = O(-). 


Maxwell'8 equations; 



V x X 


* it 


v*h 


* 

i ♦ 


a 2 

a t 


Due to the assumed geometry, and disregarding displacement 

currents: 


I = B 

i x 


=* B 

7 



d * 9 y 


0. 


i 


E = 
x 


H 

y 


l 

z 


tf. J i > , 0 . 

9 s d z dy 


leaving; 


) 


91 y SB, 

■ Jt s _ _t 

9* 3 t 


and 



Substl tati.ng 




a Jz 

a * 


"It 


and 




< 


gives: 
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Differentiating the second equation w/r to manipulatin^, 
combining, and dropping subocripts results in: 




0 


( 1 ) 


V5ien 3 Is a single-valued, linear, demotion of H, we may 
define a constant, called the per:inability, as: 


u 




in which case eq. 1 becomes: 



d H 


0 


(2) 


The solution for this equation follows a similar one that 
starts on pa ~e 189 of reference 8. 

Boundary md initial conditions are: 

H(0,t) = H(a,t) = H ; H(x,0) = 0. 

© 

Say that: 


3 ■ = Stead;' state sol'n + transient sol'n. 

satisfies one particular sol'n of eq. 2: 


u 

**S 


H 


e 


Cl, 

o 

to 
fO 
. I 

< 
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> 


To find the transient part of ths sel'n we set up 
boundary conditional 


Kf (O.t) - l(0,t) - Hg - H # - H e - 0, 


(3) 


H t (a,t) = H(a,t) - Hg - H # - H e - 0. 


Another particular sel'n of eq. 3 1st 


H 


(C 3 


sin bx + e 4 cos bx) o 


- sfi 

o'* 


(4) 


(5) 


if' 


Substituting eq. 3 into eq* 5: 


- 

Hj (O.t) « (cj sin0 ♦ o^eoo 0) • ^^ ■ 0 


e 4 - 0 . 


cr u 

Hj ■ Cg ain bx o 

Substituting eq* 4 Into oq. 6s 

(a.t) ■ c 3 sin ba o CT,A * 0 

•*. sin ba - 0, and b * , 




so that: 


H_ « 


z 


_ fi. 




C sin ^ x o tr » a * 

n a 


( 6 ) 


(7) 


n ■ 0 
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lev initial conditions are! 


(x,0) * H (x,0) - Eg * 0 - H e * - ; 
Substituting these Into eq, 7i 

e*o 

H ? (x,0) » 

n = 0 

2H 4 H 

C -(1 - coe rm) -— 1 , for odd n. 

n TUT 


( 8 ) 


And! 

H = H . (l " v n 8ln * a ^ )’ 044 U ‘ (9) 

n = 1 



So that! 


H. 


-2. 



sin 


ASS. 


2 2 . 

- V - 1 

a“<T d 


.in 32 x 


- V 
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